In this report we describe the results of a study conducted to determine the rates of bacterial aerosol emission from the surfaces of the aeration tanks of the Metropolitan Water Reclamation District of Greater Chicago John E. Egan Water Reclamation Plant. This study was accomplished by conducting test runs in which Andersen six-stage viable samplers were used to collect bacterial aerosol samples inside a walled tower positioned above an aeration tank liquid surface at the John E. Egan Water Reclamation Plant. The samples were analyzed for standard plate counts (SPC), total coliforms (TC), fecal coliforms, and fecal streptococci. Two methods of calculation were used to estimate the bacterial emission rate. The first method was a conventional stack emission rate calculation method in which the measured air concentration of bacteria was multiplied by the air flow rate emanating from the aeration tanks. The second method was a more empirical method in which an attempt was made to measure all of the bacteria emanating from an isolated area (0.37 m2) of the aeration tank surface over time. The data from six test runs were used to determine bacterial emission rates by both calculation methods. As determined by the conventional calculation method, the average SPC emission rate was 1.61 SPC/m2/s (range, 0.66 to 2.65 SPC/m2/s). As determined by the empirical calculation method, the average SPC emission rate was 2.18 SPC/m2/s (range, 1.25 to 2.66 SPC/m2/s). For TC, the average emission rate was 0.20 TC/m2/s (range, 0.02 to 0.40 TC/m2/s) when the conventional calculation method was used and 0.27 TC/m2/s (range, 0.04 to 0.53 TC/m2/s) when the empirical calculation method was used. The fecal coliforms and fecal streptococci both had emission rates that were much lower than the SPC and TC emission rates. Our estimates of bacterial source strength emission rates should be useful in any future dispersion modeling work performed at this or any other water reclamation plant in which the activated sludge process is used.
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Nu nerous studies have shown that the aeration tanks of a wastewater treatment plant can act as a source of microbial aerosols (6, 8, 9) . These aerosols are generated from the bursting bubbles produced by the diffused aeration systems which provide oxygen to the microbial flora in the activated sludge process. The possible downwind movement of these microbial aerosols has led to a number of health effect studies (4, 5) designed to investigate the impact of water reclamation plants (WRPs) on surrounding residential areas. In these studies, the aerosol sampling strategy has been to estimate the bacterial emissions from aeration tanks by measuring upwind and downwind ambient air concentrations of bacteria and attributing any downwind increase in concentration to the aeration tanks. In 1 and 2 plates were recorded directly, and the colony counts from the stage 3 through 6 plates were adjusted by using the positive hole correction method (2). All aerosol samples were collected above the second pass of aeration tank 1 of the stage 1 aeration basins. For the source strength experiments a walled metal tower that was 0.61 by 0.61 m by 1.83 m tall was fabricated and suspended over the aeration tank surface by using a pulley system. The tower had shelves running through it so that Andersen samplers could be positioned at different heights both inside and outside the tower (Fig. 1) Typically, all that is done is measuring the bacterial concentrations in the air at various locations downwind of the source and using these data, along with the Gaussian plume dispersion equations, to estimate what the source strength must have been to give the downwind values.
During this study an attempt was made to calculate the source strength term by simulating a smokestack-like sampling situation by using a walled metal tower suspended over the aeration tank surface, with the bottom of the tower submerged in the aeration tank mixed liquor. An Andersen sampler was then positioned inside the tower approximately 15 cm above the liquid surface, with the assumption that the air drawn into the Andersen sampler would consist solely of the air being emitted from the aeration tank surface, without any prior mixing with ambient air. When this assumption was made, it was possible to equate the measured bacterial air concentrations with the bacterial source strength. This type of isolation chamber sampling so near an aeration tank surface has not been done previously.
Two different approaches were used to calculate source strength.
The first approach was a conventional calculation method for determining the emission rate of a substance from a point source, such as a smokestack. This can be expressed as follows: emission rate of substance = concentration of substance x velocity of rise.
The concentration of the substance (in this case bacteria) was determined from the Andersen sampler data, and the velocity of rise was calculated by measuring the amount of air leaving the aeration tank surface per unit area of tank. This was assumed to be equal to the amount of aeration air entering the tank divided by the surface area of the tank. Since the surface area of the aeration tanks is known and the volume of air entering the tank could be measured and recorded, it was possible to calculate the velocity of rise for any sampling time.
The second approach was empirical in nature and was based on the assumption that all of the air being emitted from the aeration tank surface inside the metal tower was pulled into the Andersen sampler. This assumption could be made because the intake pumping rate of the Andersen sampler was 0.47 liter/s, while the rate at which air was leaving the aeration tank surface within the tower was calculated to be 0.33 liter/s. When this assumption was used, it followed that: emission rate of substance = amount of substance collected cross-sectional area of tower -sampling time.
Samples for source strength calculations were collected on six different days by using the metal tower and Andersen sampler. The bacterial aerosol concentrations measured on these 6 days are shown in Table 1 . From these data, source strength estimates were determined by using the two methods of calculation described above. The calculated results are shown in Table 2 for SPC and TC and in Table 3 for FC and FS.
As Table 2 (Table 3) are proportionally less than those for SPC and TC because of the lower absolute numbers of organisms collected during sampling ( Table 1 ). The lower numbers of FC and FS may have been due to the fact that the levels of FC and FS have been found to be 2 orders of magnitude lower than the levels of SPC in the mixed liquor of the John E. Egan WRP (9), due to a higher aerosol decay rate for these organisms, or due to a combination of both of these factors.
In general, the conventional emission rate calculation method produced lower values than the empirical method for all of the bacterial types studied, with the conventional method values averaging 26% lower for SPC and TC, 14% lower for FC, and 33% lower for FS. It was not possible to determine the reason for this difference or to decide which method produced the closest approximation of the actual emission rate, since the true value of the instantaneous emission rate is unknown. However, since changes in bacterial concentrations are often expressed in terms of logarithmic (factor of 10) declines, variations of 14 to 33% in emission rate estimates can be considered acceptable.
Our results are significant because they provide a credible mechanism for estimating bacterial source strength emissions from the aeration tanks of a WRP through direct measurements of aerosol concentrations near the aeration tank surface, as opposed to the strictly theoretical estimates that are often made by using mathematical dispersion models. This is an improvement over previous data for bacterial emission rates from studies that have relied on downwind sampling of aerosols coupled with Gaussian dispersion calculations to estimate source strength emissions. The nearsurface and isolation chamber methods used in this study should result in more reliable estimates of actual source strength and should be useful in any future dispersion modeling associated with activated sludge WRPs. 
